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INTRODUCTION

Core-level photoelectron diffraction techniques have been applied to surface ststuntiige on

an atomic scaldor more than 20 yearfl]. The basic physicaprocess responsible for the
production of a photoelectron diffraction pattern is thastic scattering of theemitted
photoelectrorwave. Incore levelphotoemission, a photoiiluminates an atonsurrounded by
other atoms and an electron from an atomic core level is ejected and detected at a distance from the
emitter atom. The emitted electrorwave may either be detected directly or scattered by
neighbouring atoms before detectioccures.The interference (diffraction) between the different
pathways depends sensitively on the relative atomic positionthandavelength of the outgoing
photoelectrorwave. Thusthe yield ofthis process, whemmeasured as a function of photon
energy and/or emissicengles,contains information about treomic structure in the vicinity of
the emitter.

In the gas phase these effects are only visible if measurements on spatially oriented molecules are
performed otherwise the intensity modulations in the electron yield are strongly reduced. So far as
we are aware no experiment on this subject k&gron Time of Flight

been performed due to difficulties in preparing
or determining the spatial orientation of the
molecule. In this report we describe attempt

to adapt an experimentaketup, already
successful in the measurement of the
photoelectron angular distribution of spatially n
oriented molecules[2,3], to photoelectron
diffraction studies. The experiment was
performed at thebeamline 9.3.2 at the
Advanced Light Source.

EXPERIMENT

The keyelement ofthis experiment is #ime-
of-flight ion spectrometer with a position
sensitive anode optimizedr short dead-time
[4]. This ion-detector makes it possible to trace
the momentum direction of ionic molecular
fragments and thus the molecular orientation at
the moment of photoionizatioassumingthat

the dissociatioriime is small compared to the v _ ! N
timescale of molecularotation, acondition 'O"Timeof Flight lon Hit Positions

also known asxial recoilcondition. Figure 1 rigure 1. Schematic illustrating the experimental setup
shows ascheme of the experimentaktup with an electron time-of-flight spectrometer (upper part)
used for thisangular correlation experimerﬂ”d an ion time-of-flight spectrometer with a position
between ionic fragments amghotoelectrons, SeNSitive anode (lowgarg).
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Figure 2 shows some electron and ion time-
, of-flight spectra of CO at a photon energy
A of 340.5 eV and the corresponding
@ distributions of hit positions onthe ion
== anode.The upper spectrum is eoincident
electron spectrum, while in the middle
diagrams ion spectra arghown which
Figure 2. Coincident electron time-of-flight spectrum (uppercorrespond to selected kinetic energy
diagram), ion _time—o]‘—flight spectra (middle diagrams) and iomnges of the coincident electrons. The right
anode hit position distributions (lower diagrams). spectrumshows all ions in coincidence
with valence electrons. Theserocesses
lead mainly to stable nonfragmenting G@ns characterized by a sharp peak indbeesponding
pattern on theanode. This iglearly visible in a three-dimensional plot of the anpdsitions
below the ion spectrum. lonic fragmentation
following K-shell ionization, into Cand O ions
in coincidence withthe detection of aC(1s)
photoelectron (left ion spectrum) yields a twe
dimensional intensity pattern on the anode (I&8t 20+
bottom) which reflects the angular distribution oE. %
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the fragments.All ion spectra are corrected fo'% 15+
uncorrelated and random coincidences. €
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The ejectionangles of the fragmeribns were 2 05 |
calculated offlineusingthe time-of-flight and the §

anode hitposition information ofeach electron- g _|
ion coincidence event in the experiment. Figure 3 | | | | | | |
showsthe preliminaryresults ofthe experiment 3 4 S5 6 7 8 9
done in August 1997 during two weeks of k (A
dPUble bunch mo‘?'e ahe storagering. This Figure 3. The variation of the C(1s) electron yield
diagram shows thgield of C(1s)electrons from getected along the electric vector of light. The emitting
spatially oriented CO molecules witholecular CO molecules are orientated ir:25° cone around the
axes |y|ng Wlthln a Cone 0&25o around theelectrlc VeCtOI' Of I|ght, Wlth the C atom p0|nt|ng Il’l the
: . direction of the electron detector. The solid line is a
electric vector of light. The electrons wereg

detected along thelectric vector of lightwithin

imple sin function to guide the eye.



an cone of:2.6°. The C ion was pointing towardghe electrordetector. Figure 8learly shows
the variation of intensity along the k-valuef the outgoing photoelectron resulting frothe
interference between the direct and scattered photoelectron waves.

In summary we hawe shown fa the first time quantum interference effects followirkK-shell
photoionizationof free CO moleculesusing a time-of-flight electran spectrometeand a position
resolving ion time-of-flight spectrometer. Further analysishefobserved intensity variatisris
needed in ordeptrevea the geometrical informationvhich is inherently contained in thedata.
In future experiments, diffraction patterns of largelecules may be investigatd with respecto
electron density distributions which are so far not accessible.
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